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The Density of Poliovirus-specific Polysomes (Accepted 13 July I972 )
In homogenates of HeLa cells lO to 20 ~ of the ribosomes are bound to membranous structures (Attardi, Cravioto & Attardi, I969; Roumiantzeff, Maizel & Summers, I970 . After treatment with sodium deoxycholate (DOC) to dissolve the membranes, some of these ribosomes equilibrate in density gradients of CsCI at the same position as free ribosomes but others are less dense, having a higher ratio of protein to RNA (Rosbash & Penman, I97Ib ) . Large polysomes bearing virus RNA appear in cells infected with poliovirus in the presence of actinomycin D (Penman et al. I963) . These polio polysomes are attached to membranes until treated with DOC (Penman, Becket & Darnell, 1964; Caliguiri & Tamm, I97o; Roumiantzeff et al. 197I) . We report here studies of their density in CsC1 gradients.
HeLa cells grown in suspension (Harris & Watts, I962) were resuspended in phosphatebuffered saline containing Ca + and Mg + (Oxoid Ltd.) at Io 7 cells/ml and kept at o °C for 30 rain after adding about 5 ° p.f.u./cell of poliovirus type I, strain ts + (Cooper, Johnson & Garwes, I966 ) . They were then (o h after infection) transferred to 9 vol. of growth medium at 37 °C containing 5 #g/ml of actinomycin D (Merck, Sharp & Dohme, Inc.). At 4"5 h after infection, cells were chilled, centrifuged and lysed by adding o'o25 ml of 2 ~ DOC to a suspension of lO 7 cells in 0-225 ml of 4 mM-magnesium acetate, IO mM-sodium phosphate, pH 7"2. The lysate was applied to a 5 ml gradient of 30 to 8 ~ (w/v) sucrose in the same buffer and centrifuged for 8 min at 5oo0o rev/min at io °C in a Spinco rotor SW 50. I. The broad peak of virus-specific polysomes was identified by continuous monitoring of extinction at 254 nm, collected, and fixed with I/5 vol. of 36 ~ (w/v) HCHO in IO raM-phosphate, pH 7.2, for 24 h at 4 °C. After adding 1.o ml of a 60 ~ (w/w) solution of CsC1 to 1.35 ml of fixed polysome suspension, the mixture was layered on a denser solution of 1. 9 ml of 60 ~ (w/w) CsC1 in a total volume of 2.35 ml (Brunk & Leick, 1969) . Both layers contained o. 4 ~ Brij-58 (Honeywell & Stein Ltd., Carshalton, Surrey) and approximately 2 ~oo (W/V) HCHO. The tubes were centrifuged for I5 h at 34ooo rev min at 2o °C in a SW 5o. I rotor. Fractions were collected directly on Whatman GF/A glass-fibre filters, washed in trichloracetic acid and counted (Fenwick, 197I) . The densities of a few fractions were determined by weighing in a calibrated micropipette before application to filters. Radioactive materials were obtained from the Radiochemical Centre, Amersham.
Virus-specific polysomes, labelled with [a2p] in their ribosomal RNA, equilibrated at a density of about 1.52 g]ml (Fig. I a, b) , whereas single ribosomes banded at about 1.58 g/ml and normal HeLa polysomes at 1.57 to 1.58 g/ml. To investigate the possibility that the lower density of polio polysomes was due to residual membranes, the incorporation of [aH]-choline and [aH]-fucose (Kaufmann & Ginsburg, I968 ) was studied. Preliminary experiments with cells broken in a Dounce homogenizer confirmed that both precursors, as well as [SH]-uridine, were incorporated into rough endoplasmic reticulum and banded in isopycnic sucrose gradients at 1.21 to 1.23 g/ml (Caliguiri & Tamm, 197o; Roumiantzeff et al. I97 0. However, polio polysomes isolated from a o.2 ~ DOC lysate and centrifuged in a CsC1 gradient carried no detectable label when the cells received radioactive choline or fucose for I6 h before infection. This indicated the retention on the polysomes of less than I ~ of the labelled rough endoplasmic membrane. The stable protein of polio polysomes was labelled if the cells were incubated with [~aC]-amino acids for 3"5 h before infection (Fig. I b) . When the polysomes were further treated with I ~ DOC immediately before fixing with HCHO, part of this protein was removed as shown by the decrease in the [t~C/a2P] ratio (Fig. I e) . The remaining protein, presumably ribosomal, then banded with ribosomal RNA at 1.58 g/ml, close to the position of free ribosomes. Neither the DOC-sensitive nor the insensitive protein became labelled during the same period of incubation after infection (Fig. I a) . The peak of [14C]-protein at ~.45 to 1.46 g/ml in Fig. I (a) Fenwick, in preparation) . Virus particles were found throughout the polysome region of sucrose gradients (Baltimore & Huang, 1968) , probably through aggregation in the presence of magnesium.
When RNA is added to a celt lysate it adsorbs protein (Baltimore & Huang, I97o ) . In order to determine whether the DOC-sensitive protein of polio polysomes was attached to ribosomes or to virus RNA, polysomes were labelled with [a2p] in their ribosomal RNA and with [aH] in their virus RNA. Virus RNA was found in polysomes at I'5I g/ml as well as in virus at ~.35 and 1.45 g/ml (Fig. 2a) . When a sample was treated with ribonuclease before fixing (Fig. 2b ) the polysome-associated virus RNA was degraded and the ribosomes equilibrated in a broad band at densities below ~.52 g/ml. Treatment with I ~ DOC again increased their density to 1.58 g/ml (Fig. 2 c) . Thus the protein whose removal caused this change in density was attached to the ribosomes and not to the virus RNA associated with them. Baltimore & Huang (~968) found that polio polysomes isolated from cytoplasmic extracts with I ~ DOC and I ~ Brij-58 had the same density as free ribosomes: they had presumably lost their extra protein, although it was not detached by o'5 ~ DOC with o'5 ~ Brij-58 from uninfected membrane-associated ribosomes (Rosbash & Penman, I97I b) . The buoyant density of ribosomes given here, although similar to that of DOC-treated 
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ribosomes from rat liver (Olsnes, 197I) , was slightly higher than the value reported by Rosbash & Penman 097I b) , probably because of differences in media or fixation technique. However, we observed the same difference between 'light' and 'heavy' polysomes. We conclude that polysomes carrying virus RNA resembled membrane-bound polysomes of normal cells in that their ribosomes have more protein than those of free polysomes or single ribosomes. The extra protein, which was made before infection, could be removed by I ~ DOC. No such extra protein was found on the ribosomes of RNA phage-specific polysomes (Fenwick, I971) which, after treatment with ribonuclease to remove virus RNA, had the same density as free ribosomes.
